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FOREWORD
This report summarizes the results of work performed on Contract NAS8-
34978. The work was performed by personnel of the Product Engineering & De-
velopment Section of Lockheed's Huntsville Research & Engineering Center,
for the National Aeronautics and Space Administration, George C. Marshall
Space Flight Center, Alabama. The Contracting Officer's technical repre-
sentative for this study is Mr. Norman C. Schlemmer, Structures and Pro-
pulsion Laboratory, Engineering Analysis Division, Stress Analysis Branch
(EP46).
This report is divided into four volumes with a section covering one
aspect of analysis for all components and loads, and a fourth section for
investigation of unscheduled events and special tasks undertaken during the
effort. The volumes are:
Volume I - Gasdynamic Environment of the SSME HPFTP and HPOTP
Turbines, LMSC-HREC TR D867333-1.
Volume II - Dynamics of Blades and Nozzles - SSME HPFTP and HPOTP,
LMSC-HREC TR D867333-11.
Volume III - Stress Summary of Blades and Nozzles at FPL and 115
percent RPL Loads SSME HPFTP and HPOTP Blades and
Nozzles, LMSC-HREC TR D867333-III.
Volume IV - Summary of Investigation of Unscheduled Events and
Special Tasks, LMSC-HREC TR D867333-IV.
It should be noted that this report summarized our findings. A great
body of data exists in the form of computer printout and magnetic tapes and
is available to any interested reader for either amplification of the sum-
marized data or as a basis for further work.
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1. INTRODUCTION
The objective of this phase of the analysis is to apply the gasdynamic
environments described in Volume I of this report to the turbine blades and
nozzles of the HPFTP and HPOTP. Additionally, centrifugal loads were
applied to the blades to account for the pump rotation at FPL and 115
percent RPL.
Section 2 describes the computer models used in the blade analysis with
results presented in the form of temperature and stress contour plots.
Section 3 gives similar information for the nozzles.
1-1
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2. SSME TURBOPUMP BLADES
Section 2.1 describes the computer models used for the analysis and
provides a guide for the reader in following the subsequent results in
Sections 2.2 through 2.5.
2.1 SSME BLADES - MODEL DESCRIPTION
Four NASTRAN models were constructed to simulate the first and second
stage turbine blades of the HPFTP and the HPOTP. The general approach to
modeling of all four blades is the same making use of eight-node solid ele-
ments to represent the turbine blade geometry. Figures 2-1 through 2-4 show
computer generated plots and specifications of each turbine blade model.
The series of figures following these plots gives more specific information
pertaining to grid and element locations. The models are defined in a rec-
tangular coordinate system with Z radially outward and X in the direction
opposite of gas flow. The turbine blades were modeled in their entirety
with the exception of the "Fir Tree" on each blade which was not modeled to
avoid additional size and complexity. The models were constrained at the
base of the shank in all directions in order to simulate the turbine blades
installed in the rotor disk.
Loads simulating the turbine blade thermal environment at steady state
FPL and 115 percent power levels were applied to the models resulting in
steady state blade temperatures. These temperatures were applied as static
loads along with pressure and centrifugal loads. Stresses and displacements
were output for each individual load case (thermal, pressure, and centrif-
ugal) as well as the combination of all three load cases.
Results of the thermal and stress analyses are presented in Section 2.2
through 2.5 in the form of surface temperature and stress contour plots.
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Fig. 2-la HPFTP First Stage Turbine Blade (F-l) NASTRAN Model
(1575 Nodes, 1025 Elements)
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Fig. 2-lc F-l Platform Element Layout
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Fig. 2-ld F-l Platform Grid Layout
2.1-5
LOCKlIKPin-HUNTSVTTJ.E RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
Fig. 2-le F-l Airfoil/Shank Grid Layout
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Fig. 2-lf Fl Airfoil/Shank Element Layout
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Fig. 2-2a HPFTP Second Stage Turbine Blade (F-2) NASTRAN Model
(1733 Nodes, 1185 Elements)
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Fig. 2-2c F-2 Platform Grid Layout
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Fig. 2-2d F-2 Platform Element Layout
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Fig. 2-2e F-2 Airfoil/Shank Grid Layout
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Fig. 2-2f F-2 Airfoil/Shank Element Layout
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Fig. 2-3a HPOTP First Stage Turbine Blade (0-1) NASTRAN
Model (1137 Nodes, 618 Elements)
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Fig. 2-3c 0-1 Shroud/Platform Grid Layout
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Fig. 2-3d 0-1 Shroud Platform/Element Layout
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Fig. 2-3e 0-1 Airfoil/Shank Grid Layout
2.1-18
LOCKIIEED-IIUNTSVTLLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-HI
Fig. 2-3f 0-1 Airfoil/Shank Element Layout
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Fig. 2-4a HPOTP Stage Turbine Blade (0-2) NASTRAN Model
(1140 Nodes, 622 Elements)
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Fig. 2-4c 0-2 Shroud/Platform Grid Layout
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Fig. 2-4d 0-2 Shroud/Platform Element Layout
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Fig. 2-4e 0-2 Airfoil/Shank Grid Layout
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Fig. 2-4f 0-2 Airfoil/Shank Element Layout
2.1-25
T.OCiniEKn-IIUNTSVTU.E RESEARCH f, ENGINEERING CENTER
LMSC-HREC TR D867333-III
2.2 HPFTP FIRST STAGE TURBINE BLADE TEMPERATURES AND STRESSES
Figure 2.2-1 shows the views that are used in generating contour plots
for both of the HPFTP blades. Surface temperatures are shown in Figs. 2.2-2
through 2.2-13. Surface stresses are shown in Figs. 2.2-14 through 2.2-49.
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View 3
Airfoil
Platform
Shank
Fig. 2.2-1 Typical Model, Contour Plot Views
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Fig. 2.2-2 Model F-l, FPL Load, View 1, Airfoil Suction Side Steady State
Surface Temperatures (F)
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Fig. 2.2-3 Model F-l, FPL Load, View 1, Airfoil Pressure Side Steady
State Surface Temperatures (F)
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Fig. 2.2-4 Model F-l, FPL Load, View 2, Shank Suction Side Steady State
Surface Temperatures (F)
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Fig. 2.2-5 Model F-l, FPL Load, View 2, Shank Pressure Side Steady
State Surface Temperatures (F)
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Fig. 2.2-6 Model F-l, FPL Load, View 3, Platform Top Steady State
Surface Temperatures (F)
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Fig. 2.2-7 Model F-l, FPL Load, View 3, Platform Bottom Steady State
Surface Temperatures (F)
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Fig. 2.2-8 Model F-l, 115% Load, View 1. Airfoil Suction Side Steady
State Surface Temperatures (F)
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Fig. 2.2-9 - Model F-l, 115% Load, View 1, Airfoil Pressure Side
Steady State Surface Temperatures (F)
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Fig. 2.2-10 - Model F-l, 115% Load, View 2, Shank Suction Side
Steady State Surface Temperature (F)
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Fig. 2.2-11 Model F-l, 115% Load, View 2, Shank Pressure Side Steady
State Surface Temperatures (F)
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Fig. 2.2-12 Model F-l, 115% Load, View 3, Platform Top Steady State
Surface Temperatures (F.)
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Fig. 2,2-13 Model F-l, 115% Load, View 3, Platform Bottom Steady State
Surface Temperatures
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Fig. 2.2-14 Model F-l, FPL Load, View 1, Airfoil Suction Side Major
Principal Stress (psi)
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Fig. 2.2-15 Model F-l, FPL Load, View 1, Airfoil Suction Side Minor
Principal Stress (psi)
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Fig. 2.2-16 Model F-l, FPL Load, View 1, Airfoil Suction Side Maximum
Principal Shear (psi)
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Fig. 2.2-17 Model F-l, 115% Load, View 1, Airfoil Suction Side Major
Principal Stress (psi)
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Fig. 2.2-18 Model F-l, 115% Load, View 1, Airfoil Suction Side Minor
Principal Stress (psi)
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Fig. 2.2-19 Model F-l, 115% Load, View 1, Airfoil Suction Side
Maximum Principal Shear (psi)
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Fig. 2.2-20 Model F-l, FPL Load, View 1, Airfoil Pressure Side
Major Principal Stress (psi)
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Fig. 2.2-21 Model F-l, FPL Load, View 1, Airfoil Pressure Side
Minor Principal Stress (psi)
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Fig. 2.2-22 Model F-l, FPL Load, View 1, Airfoil Pressure Side
Maximum Principal Shear (psi)
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Fig. 2.2-23 Model F-l, 115% Load, View 1, Airfoil Pressure Side
Major Principal Stress (psi)
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Fig. 2.2-24 Model F-l, 115% Load, View 1, Airfoil Pressure Side
Minor Principal Stress (psi)
2.2-24
LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1
2
3
4
5
6
7
8
9
10
11
-1.
-1.
-1.
-1.
-1.
-1.
-9.
-8.
-7.
-6.
-5.
500000E
400000E
300000E
200000E
100000E
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
05
05
05
05
05
05
04
04
04
04
04
12
13
14
15
16
17
18
19
20
21
22
-4.
-3.
-2.
-1.
-5.
0.
5.
1.
2.
3.
4.
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
0
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
04
04
04
04
03
03
04
04
04
04
23
24
25
26
27
28
• 29
30
31
32
33
5.
6.
7.
8.
9.
1.
1.
1.
1.
1.
1.
OOOOOOE
OOOOOOE
OOOOOOE
000003E
OOOOOOE
OOOOOOE
100000E
200000E
300000E
400000E
500000E
04
04
04
04
04
05
05
05
05
05
05
Fig. 2.2-25 Model F-l, 115% Load, View 1, Airfoil Pressure Side
Maximum Principal Shear (psi)
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Fig. 2.2-26 Model F-l, FPL Load, View 2, Shank Suction Side Major
Principal Stress (psi)
2.2--26
LOCKHEED-HUNTSVILLE RESEARCH & F.NGTNFF.RrNr: r .FNTFR.
LMSC-HREC TR D867333-III
A
1
2
3
4
5
6
7
8
9
10
11
-1.
-1.
-1.
-1.
-1.
-1.
-9.
-8.
-7.
-6.
-5.
500000E
400000E
300000E
2000COE
100000E
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
05
05
05
05
05
05
04
04
04
04
04
12
13
14
15
16
17
18
19
20
21
22
-4. OOOOOOE 04
-3. OOOOOOE 04
-2. OOOOOOE 04
-1. OOOOOOE 04
-5. OOOOOOE 03
0.0
5. OOOOOOE 03
1. OOOOOOE 04
2. OOOOOOE 04
3. OOOOOOE 04
4. OOOOOOE 04
23 5. OOOOOOE 04
24 6. OOOOOOE 04
25 7. OOOOOOE 04
26 8. O O O O O O E 04
27 9. OOOOOOE 04
28 1.OOOOOOE 05
29 1. 100000E 05
30 1.200000E 05
31 1.300000E 05
32 1.400000E 05
33 1.500000E 05
Fig. 2.2-27 Model F-l, FPL Load, View 2, Shank Suction Side Minor
Principal Stress, (psi)
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Fig. 2.2-28 Model
 F-l, FPL Load, View 2, Shank Suction Side Maximum
Principal Shear (psi)
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Fig. 2.2-29 Model F-l, 115% Load, View 2, Snank Suction Side
Major Principal Stress (psi)
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Fig. 2.2-30 Model F-l, 115% Load, View 2, Shank Suction Side
Minor Principal Stress (psi)
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Fig. 2.2-31 Model F-l, 115% Load, View 2, Shank Suction Side
Maximum Principal Shear (psi)
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Fig. 2.2-32 Model F-l, FPL Load, View 2, Shank Pressure Side
Major Principal Stress (psi)
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Fig. 2.2-33 Model F-l, FPL Load, View 2, Shank Pressure Side
Minor Principal Stress (psi)
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Fig. 2.2-34 Model F-l, FPL Load, View 2, Shank Pressure Side
Maximum Principal Shear (psi)
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Fig. 2.2-35 Model F-l, 115% Load, View 2, Shank Pressure Side
Major Principal Stress (psi)
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Fig. 2.2-36 Model F-l, 115% Load, View 2, Shank Pressure Side
Minor Principal Stress (psi)
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Fig. 2.2-37 Model F-l, 115% Load, View 2, Shank Pressure Side
Maximum Principal Shear (psi)
2.2-37
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1
2
3
4
5
6
7
8
9
10
11
-1.
• 1,
• 1,
-1 ,
• I.
-9,
•8.
•7.
•6,
4UOOOOE
300000E
200000E
100000E
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
-5.OOOOOOE
05
05
05
05
05
05
04
04
04
04
04
12
13
14
15
16
17
18
19
20
21
22
-4.OOOOOOE
-3.OOOOOOE
-2.OOOOOOE
-1,OOOOOOE
-5.OOOOOOE
0.0
5.OOOOOOE
1.OOOOOOE
2
04
04
04
04
03
03
04
OOOOOOE 04
3.OOOOOOE 04
4.OOOOOOE 04
23 5. O O O O U U E 0-1
24 6. O O O O O O E U'l
25 7. O O O O O O E 0-
26 8. O O O O O O E 0-1
27 9. O O O O O O E 04
28 1 . O O O O O O E OE
29 1. 100000E (
30 1.200000E 0
31 1.300000E 0
32 1.400000E 0
33 1.500000E 0
Fig. 2.2-38 Model F-l, FPL Load, View 3, Platform Top Major Principal
Shear (psi)
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Fig. 2.2-39 Model F-l, FPL Load, View 3, Platform Top Minor Principal
Stress (psi)
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Fig. 2.2-40 Model F-l, FPL Load, View 3, Platform Top Maximum Principal
Shear (psi)
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Fig. 2.2-41 Model 115%, FPL Load, View 3, Platform Top Major Principal
Stress (psi)
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Fig. 2.2-42 Model 115%, FPL Load, View 3, Platform Top Minor Principal
Stress (psi)
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Fig. 2.2-43 Model 115%, 115% Load, View 3, Platform Top Maximum Principal
Shear (psi)
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Fig. 2.2-44 Model F-l, FPL Load, View 3, Platform Bottom Major
Principal Stress (psi)
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Fig. 2.2-45 Model F-l, FPL Load, View 3, Platform Bottom Minor
Principal Stress (psi)
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Fig. 2.2-46 Model F-l, FPL Load, View 3, Platform Bottom Maximum
Principal Shear (psi)
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Fig. 2.2-47 Model F-l, 115% Load, View 3, Platform Bottom Major
Principal Stress (psi)
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Fig. 2.2-48 Model F-l, 115% Load, View 3, Platform Bottom Minor
Principal Stress (psi)
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Fig. 2.2-49 Model F-l, 115% Load, View 3, Platform Bottom Maximum
Principal Shear (psi)
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2.3 HPFTP SECOND STAGE TURBINE BLADE TEMPERATURES AND STRESSES
AT FPL AND 115% RPL
Surface temperatures are shown in Figs. 2.3-1 through 2.3-12
stresses are shown in Figs. 2.2-13 through 2.3-48.
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T = 1381 - 1397
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Fig. 2.3-1 Model F-2, FPL Load, View 1, Airfoil Suction Side Steady
State Surface Temperatures (F)
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Fig. 2.3-2 Model F-2, FPL Load, View I, Airfoil Pressure Side Steady State
Surface Temperatures (F)
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Fig. 2.3-3 Model F-2, FPL Load, View 2, Shank Suction Side Steady State
Surface Temperatures (F)
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Fig. 2.3-4 Model F-2, FPL Load, View 2, Shank Pressure Side Steady State
Surface Temperatures (F)
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Fig. 2.3-5 Model F-2, FPL Load, View 3, Platform Top Steady State
Surface Temperatures (F)
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Fig. 2.3-6 Model F-2, FPL Load, View 3, Platform Bottom Steady State
Surface Temperatures (F)
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Fig. 2.3-7 Model F-2, 115% Load, View 1, Airfoil Suction Side Steady State
Surface Temperatures (F)
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Fig. 2.3-8 Model F-2, 115% Load, View 1, Airfoil Pressure Side Steady State
Surface Temperatures (F) »
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Fig. 2.3-9 Model F-2, 115% Load,View 2, Shank Suction Side Steady State
Surface Temperatures (F)
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Fig. 2.3-10 Model F-2, 115% Load, View 2, Shank Pressure Side Steady State
Surface Temperatures (F)
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Fig. 2.3-11 Model F-2, 115% Load, View 3, Platform Top Steady State
Surface Temperatures (F)
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Fig. 2.3-12 Model F-2, 115% Load, View 3, Platform Bottom Steady State
Surface Temperatures (F)
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Fig. 2.3-13 Model F-2, FPL Load, View 1, Airfoil Suction Side Major Principal
Stress (psi)
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Fig.'2.3-14 Model F-2, FPL Load, View 1, Airfoil Suction Side Major Principal
Stress (psi)
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Fig. 2.3-15 Model F-2, FPL Load, View 1, Airfoil Suction Side Maximum Principal
Shear (psi)
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Fig. 2.3-16 Model F-2, 115% Load, View 1, Airfoil Suction Side Major Principal
Stress (psi)
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Fig. 2.3-17 Model F-2, 115% Load, View 1, Airfoil Suction Side Minor
Principal Stress (psi)
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Fig. 2.3-18 Model F-2, 115% Load, View 1, Airfoil Suction Side Maximum
Principal Shear (psi)
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Fig. 2.3-19 Model F-2, FPL Load, View 1, Airfoil Pressure Side Major Principal
Stress (psi)
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Fig. 2.3-20 Model F-2, FPL Load, View 1, Airfoil Pressure Side Minor Principal
Stress (psi)
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Fig. 2.3-21 Model F-2, FPL Load, View 1, Airfoil Pressure Side Maximum
Principal Shear (psi)
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Fig. 2.3-22 Model F-2, 115% Load, View 1, Airfoil Pressure Side Major
Principal Stress (psi)
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Fig. 2.3-23 Model F-2, 115% Load, View 1, Airfoil Pressure Side Minor
Principal Stress (psi)
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Fig. 2.3-24 Model F-2, 115% Load, View 1, Airfoil Pressure Side Maximum
Principal Shear (psi)
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Fig. 2.3-25 Model F-2, FPL Load, View 2, Shank Suction Side Major Principal
Stress (psi)
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Fig. 2.3-26 Model F-2, FPL Load, View 2, Shank Suction Side Minor Principal
Stress (psi)
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Fig. 2.3-27 Model F-2, FPL Load, View 2, Shank Suction Side Maximum Principal
Shear (psi)
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Fig. 2.3-28 Model F-2, 115% Load, View 2, Shank Suction Side Major Principal
Stress (psi)
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Fig. 2.3-29 Model F-2, 115% Load, View 2, Shank Suction Side Major Principal
Stress (psi)
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Fig. 2.3-30 Model F-2, 115% Load, View 2, Shank Suction Side Maximum Principal
Shear (psi)
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Fig. 2.3-31 Model ¥-2, FPL Load, View 2, Shank Pressure Side Major Principal
Stress (psi)
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Fig. 2.3-32 Model F-2, FPL Load, View 2, Shank Pressure Side Minor Principal
Stress (psi)
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Fig. 2.3-33 Model F-2, FPL Load, View 2, Shank Pressure Side Maximum
Principal Shear (psi)
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Fig. 2.3-34 Model F2, 115% Load, View 2, Shank Pressure Side Major Principal
Stress (psi)
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Fig. 2.3-35 Model F-2, 115% Load, View 2, Shank Pressure Side Minor Principal
Stress (psi)
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Fig. 2.3-36 Model F-2, 115% Load, View 2, Shank Pressure Side Maximum
Principal Shear (psi)
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Fig. 2.3-37 Model F-2, FPL Load, View 3, Platform Top Major Principal Stress (psi)
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Fig. 2.3-38 Model F-2, FPL Load, View 3, Platform Top Minor Principal Stress (psi)
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Fig. 2.3-39 Model F-2, FPL Load, View 3, Platform Top Maximum Principal Shear (psi)
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Fig, 2.3-40 Model F-2, 115% Load, View 3, Platform Top Major Principal Stress (psi
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Fig. 2.3-41 Model F-2, 115% Load, View 3, Platform Top Minor Principal Stress (psi)
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Fig. 2.3-42 Model F-2, 115% Load, View 3, Platform Top Maximum Principal Shear (psi)
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Fig. 2.3-43 Model F-2, FPL Load, View 3, Platform Bottom Major Principal Stress (psi)
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Fig. 2.3-44 Model F-2, FPL Load, View 3, Platform Bottom Minor Principal Stress (ps
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Fig. 2.3-45 Model F-2, FPL Load, View 3, Platform Bottom Maximum Principal Shear (psi)
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Fig. 2.3-46 Model F-2, 115% Load, View 3, Platform Bottom Major Principal
Stress (psi)
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Fig. 2.3-47 Model F-2, 115% Load, View 3, Platform Bottom Minor Principal
Stress (psi)
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Fig. 2.3-48 Model F-2, 115% Load, View 3, Platform Bottom Maximum Principal
Shear (psi)
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2.4 HPOTP FIRST STAGE TURBINE BLADE TEMPERATURES AND STRESSES AT FPL
AND 115% RPL
Figure 2.4-1 shows the views that are used in generating contour plots
for both of the HPOTP blades. Surface temperatures are shown in Figs. 2.4-2
through 2.4-17. Surface stresses are shown in Figs. 2.4-18 through 2.4-65.
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Fig. 2.4-1 Typical Model, Contour Plot Views
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Fig. 2.4-2 Model 0-1, FPL Load, View 1, Airfoil Pressure Side Steady
State Surface Temperature (F)
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Fig. 2.4-3 Model 0-1, FPL Load, View 1, Airfoil Suction Side Steady
State Surface Temperature (F)
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Fig. 2.4-4 Model 0-1, FPL Load, View 2, Shank Pressure Side Steady State
Surface Temperatures (F)
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Fig. 2.4-5 Model 0-1, FPL Load, View 2, Shank Suction Side Steady
State Surface Temperatures (F)
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Fig. 2.4-6 Model 0-1, FPL Load, View 3, Shroud Top Steady State
Surface Temperature (F)
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Fig. 2.4-7 Model 0-1, FPL Load, View 3, Shroud Bottom Steady State
Surface Temperatures (F)
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Fig. 2.4-8 Model 0-1, FPL Load, View 3, Platform Top Steady State
Surface Temperatures (F)
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Fig. 2.4-9 Model 0-1, FPL Load, View 3, Platform Top Steady State
Surface Temperatures (F)
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Fig. 2.4-10 Model 0-1, FPL Load, View 1, Airfoil Pressure Side Steady
State Surface Temperatures (F)
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Fig. 2.4-11 Model 0-1, 115% Load, View 1, Airfoil Suction Side Steady
State Surface Temperatures (F)
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Fig. 2.4-12 Model 0-1, 115% Load, View 2, Shank Pressure Side Steady
State Surface Temperatures (F)
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Fig. 2.4-13 Model 0-1, 115% Load, View 2, Shank Suction Steady State
Surface Temperatures (F)
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Fig. 2.4T14 Model 0-1, 115% Load, View 3, Shroud Top Steady State
Surface Temperatures'(F)
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Fig. 2.4-15 Model 0-1, 115% Load, View 3, Shroud Bottom Steady State
Surface Temperatures (F)
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Fig. 2.4-16 Model 0-1, 115% Load, View 3, Platform Top Steady State
Surface Temperatures (F)
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Fig. 2.4-17 Model 0-1, 115% Load, View 3, Platform Bottom Steady State
Surface Temperatures (F)
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Fig. 2.4-18 Model 0-1, FPL Load, View 1, Airfoil Pressure Side Major
Principal Stress (psi)
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Fig. 2.4-19 Model 0-1, FPL Load, View 1, Airfoil Pressure Side Minor
Principal Stress (psi)
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Fig. 2.4-20 Model 0-1, FPL Load, View 1, Airfoil Pressure Side Maximum
Principal Shear (psi)
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Fig. 2.4-21 Model 0-1, FPL Load, View 1, Airfoil Pressure Side Major
Principal Stress (psi)
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Fig. 2.4-22 Model 0-1, 115% Load, View 1, Airfoil Pressure Side Minor
Principal Stress (psi)
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Fig. 2.4-23 Model 0-1, FPL Load, View 1, Airfoil Pressure Side Maximum
Principal Shear (psi)
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Fig. 2.4-24 Model 0-1, 115% Load, View 1, Airfoil Suction Side Major
Principal Stress (psi)
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Fig. 2.4-25 Model 0-1, 115% Load, View L, Airfoil Suction Side Minor
Principal Stress (psi)
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Fig. 2.4-26 Model 0-1, FPL Load, View 1, Airfoil Suction Side Maximum
Principal Shear (psi)
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Fig. 2.4-27 Model 0-1, 115% Load, View 1, Airfoil Suction Side Major
Principal Stress (psi)
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Fig. 2.4-28 Model 0-1, 115% Load, View 1, Airfoil Suction Side Minor
Principal Stress (psi)
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Fig. 2-4-29 Model 0-1, FPL Load, View 1, Airfoil Suction Side Maximum
Principal Shear (psi)
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Fig. 2.4-30 Model 0-1, 115% Load, View 2, Shank Pressure Side Major
Principal Stress (psi)
2.4-30
LOCKHEED-HUNTSV1LLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1 -1.500000E 05
2 -1.400000E 05
3 -1.300000E 05
4 -1.200000E 05
5 -1.100000E 05
6 - l . O O O O O O E 05
7 -9.000000F 04
8 -8.000000E 04
9 - 7 . O O O O O O E 04
10 -6.000000E 04
11 -5.000000E 04
12 -4.OOOOOOE 04
13 -3 .OOOOOOE 04
14 - 2 . O O O O O O E 04
15 - l . O O O O O O E 04
16 - 5 . O O O O O O E 03
17 0.0
18 5.OOOOOOE 03
19 l . O O O O O O E 04
20 2 .OOOOOOE 04
21 3 .OOOOOOE 04
22 4 . O O O O O O E 04
23
24
25
26
27
28
29
30
31
32
33
5.
6.
7.
8.
9.
1.
1.
1
1
1,
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
OOOOOOE
100000E
200000E
300000E
400000E
1.500000E
04
04
04
04
04
05
05
05
05
05
05
Fig. 2.4-31 Model 0-1, 115% Load, View 2, Shank Pressure Side Minor
Principal Stress (psi)
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Fig. 2.4-32 Model 0-1, FPL Load, View 2, Shank Pressure Side Maximum
Principal Shear (psi)
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Fig. 2.4-33 Model 0-1, 115% Load, View 2, Shank Pressure Side Major
Principal Stress (psi)
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Fig. 2.4-34 Model 0-1, 115% Load, View 2, Shank Pressure Side Minor
Principal Stress (psi)
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Fig. 2.4-35 Model 0-1, FPL Load, View 2, Shank Pressure Side Maximum
Principal Shear (psi)
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Fig. 2.4-36 Model 0-1, 115% Load, View 2, Shank Suction Side Major
Principal Stress (psi)
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Fig. 2.4-37 Model 0-1, FLP Load,View 2, Shank Suction Side Minor
Principal Stress (psi)
2.4-37
LOCKHEED-HUNTSV1LLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR~D867333-HI
1 -1.500000E 05
2 -1.400000E 05
3 -1.300000E 05
4 -1.200000E 05
5 -1.100000E 05
6 - l . O O O O O O E 05
7 -9.000000E 04
8 -8.000000E 04
9 -7.000000E 04
10 -6.000000E 04
11 -5.000000E 04
12 -4.000000E 04
13 -3.000000E 04
14 -2.000000E 04
15 - l . O O O O O O E 04
16 -5.000000E 03
17 0.0
18 5.000000E 03
19 l.OOOOOOE 04
20 2.000000E 04
21 3.000000E 04
22 4.OOOOOOE 04
04!
04
04
04
23 5 . O O O O O O E
24 6 .OOOOOOE
25 7 .OOOOOOE
26 8. O O O O O O E
27 9. OOOOOOE 04
28 l . O O O O O O E 05
29 1.100000E 05
30 1.200000E 05
31 1.300000E 05
32 1.400000E 05
33 1.500000E 0*
Fig. 2.4-38 Model 0-1, FPL Load, View 2, Shank Suction Side Maximum
Principal Shear (psi)
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Fig. 2.4-39 Model 0-1, 115% Lpad, View 2, Shank Suction Side Major
Principal Stress (psi)
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Fig. 2.4-40 Model 0-1, 115% Load, View 2, Shank Suction Side Minor
Principal Stress (psi)
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Fig. 2.4-41 Model 0-1, 115% Load, View 2, Shank Suction Side Maximum
Principal Shear (psi)
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Fig. 2.4-42 Model 0-1, FPL Load, View 3, Shroud Top Major Principal
Shear (psi)
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Fig. 2.4-43 Model 0-1, FPL Load, View 3, Shroud Top Minor Principal
Stress (psi)
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Fig. 2.4-44 Model 0-1, FPL Load, View 3, Shroud Top Maximum
Principal Stress (psi)
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Fig. 2.4-45 Model 0-1, 115% Load, View 3, Shroud Top Major Principal
Stress (psi)
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Fig. 2.4-46 Model 0-1, 115% Load, View 3, Shroud Top Minor Principal
Stress (psi)
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Fig. 2.4-47 Model 0-1, FPL Load, View 3, Shroud Top Maximum Principal
Shear (psi)
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Fig. 2.4-48 Model 0-1, FPL Load, View 3, Shroud Bottom Major Principal
Stress (psi)
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Fig. 2.4-49 Model 0-1, FPL Load, View 3, Shroud Bottom Minor Principal
Stress (psi)
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Fig. 2.4-50 Model 0-1, FPL Load, View 3, Shroud Bottom Maximum Principal
Stress (psi)
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Fig. 2.4-51 ,Model 0-1, 115% Load, View 3, Shroud Bottom Major Principal
Stress (psi)
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Fig. 2.4-52 Model 0-1, 115% Load, View 3, Shroud Bottom Minor Principal
Stress (psi)
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Fig. 2.4-53 Model 0-1, 115% Load, View 3, Shroud Bottom Maximum Principal
Shear (psi)
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Fig. 2.4-54 Model Q-l, FPL Load, View 3, Platform Top Major Principal
Stress (psi)
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Fig. 2.4-55 Model 0-1, FPL Load, View 3, Platform Top Minor Principal
Stress (psi)
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Fig. 2.4-56 Model 0-1, FPL Load, View 3, Platform Top Maximum Principal
Shear (psi)
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Fig. 2.4-57 Model 0-1, 115% Load, View 3, Platform Stress Major Principal
Stress (psi)
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Fig. 2.4-58 Model 0-1, 115% Load, View 3, Platform Top Minor Principal
Stress (psi)
2.4-58
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1 -1.500000E 05
2 -1.400000E 05
3 -1.300000E 05
4 -1.200000E 05
5 -1.100000E 05
6 - l . O O O O O O E 05
7 -9.000000E 04
8 -8.000000E 04
9 -7.000000E 04
10 -6.000000E 04
11 -5.000000E 04
12
13
14
15
16
17
18
19
20
21
22
-4.000000E
-3.000000E
-2.000000E
- l . O O O O O O E
-5.000000E
0.0
5.000000E
l . O O O O O O E
2.000000E
3.000000E
4.000000E
04
04
04
04
03
03
04
04
04
04
23 5.000000E 04
24 6.000000E 04
25 7.000000E 04
26 8.000000E 04
27 9.000000E 04
28 l . O O O O O O E 05
29 1.100000E 05
30 1.200000E 05
31 1.300000E 05
32 1.400000E 05
33 1.500000E 05
Fig. 2.4-59 Model 0-1, 115% Load, View 3, Platform Top Maximum Principal
Shear (psi)
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Fig. 2.4-60 Model 0-1, FPL Load, View 3, Platform Bottom Major Principal
Stress (psi)
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Fig. 2.4-61 Model 0-1, FPL Load, View 3, Platform Bottom Minor Principal
Stress (psi)
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Fig. 2.4-62 Model 0-1, FPL Load, View 3, Platform Bottom Maximum Principal
Shear (psi)
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Fig. 2.4-63 Model 0-1, 115% Load, View 3, Platform Bottom Major Principal
Stress (psi)
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Fig. 2.4-64 Model 0-1, 115% Load, View 3, Platform Bottom Minor Principal
Stress (psi)
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Fig. 2.4-65 Model 0-1, 115% Load, View 3, Platform Bottom Maximum Principal
Shear (psi)
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2.5 HPOTP SECOND STAGE TURBINE BLADE TEMPERATURES AND STRESSES
AT FPL AND 115% RPL
Surface temperatures are shown in Figs. 2.5-1 through 2.5-16. Surface
stresses are shown in Figs. 2.5-17 through 2.5-64.
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Fig. 2.5-1 Model 0-2, FPL Load, View 1, Airfoil Pressure Side Steady
State Surface Temperatures (F)
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Fig. 2.5-2 Model 0-2, FPL Load, View 1, Airfoil Suction Side Steady State
Surface Temperatures (F)
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Fig. 2.5-4 Model 0-2, FPL Load, View 2, Shank Suction Side, Steady State
Surface Temperatures (F)
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Fig. 2.5-5 Model 0-2, FPL Load, View 3 Shroud Top Steady State Surface
Temperatures (F)
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Fig. 2.5-6 Model 0-2, FPL Load, View 3, Shroud Bottom Steady State
Surface Temperatures (F)
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Fig. 2.5-7 Model 0-2, FPL Load, View 3, Platform Top Steady State Surface
Temperatures (F)
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Fig. 2.5-8 Model 0-2, FPL Load, View 3, Platform Bottom Steady State
Surface Temperatures (F)
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Fig. 2.5-9 Model 0-2, 115% Load, View 1, Airfoil Pressure Side Steady
State Surface Temperatures (F)
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Fig. 2.5-10 Model 0-2, 115% Load, View 1, Airfoil Suction Side Steady
State Surface Temperatures (F)
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Fig. 2.5-11 Model 0-2, 115% Load, View 2, Shank Pressure Side Steady
State Surface Temperatures (F)
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Fig. 2.5-12 Model 0-2, 115% Load, View 2, Shank Suction Side Steady
State Surface Temperatures (F)
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Fig. 2.5-13 Model 0-2, 115% Load, View 3, Shroud Top Steady State
Surface Temperatures (F)
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Fig. 2.5-14 Model 0-2, 115% Load, View 3, Shroud Bottom Steady State
Surface Temperatures (F)
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Fig. 2.5-15 Model 0-2, 115% Load, View 3, Platform Top Steady State
Surface Temperatures (F)
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Fig. 2.5-16 Model 0-2, 115% Load, View 3, Platform Bottom Steady State
Surface Temperatures (F)
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Fig. 2.5-17 Model 0-2, FPL Load, View 1, Airfoil Pressure Side
Major Princioal Stress (psi)
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Fig. 2.5-18 Model 0-2, FPL Load, View 1, Airfoil Pressure Side
Minor Principal Stress (psi)
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Fig. 2.5-19 Model 0-2, FPL Load, View 1, Airfoil Pressure Side
Maximum Principal Shear (psi)
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Fig. 2.5-20 Model 0-2, 115% Load, View 1, Airfoil Pressure Side
Major Principal Stress (psi)
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Fig. 2.5-21 Model 0-2, 115% Load, View 1, Airfoil Pressure Side
Minor Principal Stress (psi)
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Fig. 2.5-22 Model 0-2, 115% Load, View 1, Airfoil Pressure Side
Maximum Principal Shear (psi)
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Fig. 2.5-23 Model 0-2, FPL Load, View 1, Airfoil Suction Side
Major Principal Stress (psi)
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Fig. 2.5-24 Model 0-2, FPL Load, View 1, Airfoil Suction Side
Minor Principal Stress (psi)
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Fig. 2.5-25 Model 0-2, FPL Load, View 1, Airfoil Suction Side
Maximum Principal Shear (psi) '
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Fig. 2.5-26 Model 0-2, 115% Load, View 1, Airfoil Suction Side
Major Principal Stress (psi)
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Fig. 2.5-27 Model 0-2, 115% Load, View 1, Airfoil Suction Side
Minor Principal Stress (psi)
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Fig. 2.5-28 Model 0-2, 115% Load, View 1, Airfoil Suction Side
Maximum Principal Shear (psi)
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Fig. 2.5-29 Model 0-2, FPL Load, View 2, Shank Pressure Side
Major Principal Stress (psi)
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Fig. 2.5-30 Model 0-2, FPL Load, View 2, Shank Pressure Side
Minor Principal Stress (psi)
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Fig. 2.5-31 Model 0-2, FPL Load, View 2, Shank Pressure Side
Maximum Principal Shear (psi)
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Fig. 2.5-32 Model 0-2, 115% Load, View 2, Shank Pressure Side
Major Principal Stress (psi)
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Fig. 2.5-33 Model 0-2, 115% Load, View 2, Shank Pressure Side
Minor Principal Stress (psi)
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Fig. 2.5-34 Model 0-2, 115% Load, View 2, Shank Pressure Side
Maximum Principal Shear (psi)
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Fig. 2.5-35 Model 0-2, FPL Load, View 2, Shank Suction Side
Major Principal Stress (psi)
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Fig. 2.5-36 Model 0-2, FPL Load, View 2, Shank Suction Side
Minor Principal Stress (psi)
2.5-36
LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
\ -1 .5000UOE 05
2 -1.400000E 05
3 -1.300000E 05
4 -1.200000E 05
5 -1.100000E 05
6 - l . O O O O O O E 05
7 -9.000000E 04
8 -8.000000E 04
9 -7.000000E 04
10 -6.000000E 04
11 -5.0000COE 04
12 -4.000000E 04
13 -3.000000E 04
14 -2.000000E 04
15 - l . O O O O O O E 04
16 -5.000000E 03
17 0.0
18 5.000000E 03
19 l.OOOOOOE 04
20 2.000000E 04
21 3.000000E 04
22 4.000000E 04
23
24
25
26
27
28
29
30
31
32
33
5.000000E
6.000000E
7.000000E
8.000000E
9.000000E
l . O O O O O O E
1. 100000E
1. 200000E
1.300000E
1.400000E
1. 500000E
04
04
04
04
04
05
05
05
05
05
05
Fig. 2.5-37 Model 0-2, FPL Load, View 2, Shank Suction Side
Maximum Principal Shear (psi)
2.5-37
LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1
2
3
4
5
6
7
8
9
10
11
-1.
-1.
-J,
-1,
-1,
-1,
-9,
-8.
-7.
-6.
-5.
, liOUUUOK
.400000E
, 300000E
, 200000E
, 100000E
.OOOOOOE
.OOOOOOE
.OOOOOOE
.OOOOOOE
.OOOOOOE
OOOOOOE
05
05
05
05
05
05
04
04
04
04
04
12 - 4 . U O O O O O L ' 04
13 - 3 . O O O O O O E 04
14 -2.000000E 04
15 - l . O O O O O O E 04
16 -5 .OOOOOOE 03
17 0.0
18 5.000000E 03
19 l . O O O O O O E 04
20 2.000000E 04
21 3.000000E 04
22 4.000000E 04
23 5. UOUUUUE U-
24 6.000000E U'
25 7.000000E IK
26 8.000000E 0<
27 9.000000E 0<
28 l . O O O O O O E 0?
29 1. 100000E 0'
30 1.200000E 0
31 1.300000E 0
32 1.400000E 0
33 1.500000E U
Fig. 2.5-38 Model 0-2, 115% Load, View 2, Shank Suction Side
Major Principal Stress (psi)
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Fig. 2.5-39 Model 0-2, 115% Load, View 2, Shank Suction Side
Minor Principal Stress (psi)
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Fig. 2.5-40 Model 0-2, 115% Load, View 2, Shank Suction Side
Maximum Principal Shear (psi)
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Fig. 2.5-41 Model 0-2, FPL Load, View 3, Shroud Top
Major Principal Stress (psi)
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Fig. 2.5-42 Model 0-2, FPL Load, View 3, Shroud Top
Minor Principal Stress (psi)
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Fig. 2.5-43 Model 0-2, FPL Load, View 3, Shroud Top
Maximum Principal Shear (psi)
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Fig. 2.5-44 Model 0-2, 115% Load, View 3, Shroud Top
Major Principal Stress (psi)
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Fig. 2.5-45 Model 0-2, 115% Load, View 3, Shroud Top
Minor Principal Stress (psi)
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Fig. 2.5-46 Model 0-2, 115% Load, View 3, Shroud Top
Maximum Principal Shear (psi)
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Fig. 2.5-47 Model 0-2, FPL Load, View 3, Shroud Bottom
Major Principal Stress (psi)
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Fig. 2.5-48 Model 0-2, FPL Load, View 3, Shroud Bottom
Minor Principal Stress (psi)
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Fig. 2.5-49 Model 0-2, FPL Load, View 3, Shroud Bottom
Maximum Principal Shear (psi)
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Fig. 2.5-50 Model 0-2, 115% Load, View 3, Shroud Bottom
Major Principal Stress (psi)
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Fig. 2.5-51 Model 0-2, 115% Load, View 3, Shroud Bottom
Minor Principal Stress (psi)
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Fig. 2.5-52 Model 0-2, 115% Load, View 3, Shroud Bottom
Maximum Principal Shear (psi)
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Fig. 2.5-53 Model 0-2, FPL Load, View 3, Platform Top
Major Principal Stress (psi)
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Fig. 2.5-54 Model 0-2, FPL Load, View 3, Platform Top
Minor Principal Stress (psi)
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Fig. 2.5-55 Model 0-2, FPL Load, View 3, Platform Top
Maximum Principal Shear (psi)
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Fig. 2.5-56 Model 0-2, 115% Load, View 3, Platform Top
Major Principal Stress (psi)
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Fig. 2.5-57 Model 0-2, 115% Load, View 3, Platform Top
Minor Principal Stress (psi)
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Fig. 2.5-58 Model 0-2, 115% Load, View 3, Platform Top
Maximum Principal Shear (psi)\
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Fig. 2.5-59 Model 0-2, FPL Load, View 3, Platform Bottom
Major Principal Stress (psi)
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Fig. 2.5-60 Model 0-2, FPL Load, View 3, Platform Bottom
Minor Principal Stress (psi)
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Fig. 2.5-61 Model 0-2, FPL Load, View 3, Platform Bottom
Maximum Principal Shear (psi)
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Fig. 2.5-62 Model 0-2, 115% Load, View 3, Platform Bottom
Major Principal Stress (psi)
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Fig. 2.5-63 Model 0-2, 115% Load, View 3, Platform Bottom
Minor Principal Stress (psi)
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Fig. 2.5-64 Model 0-2, 115% Load, View 3, Platform Bottom
Maximum Principal Shear (psi)
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3. SSME TURBOPUMP NOZZLES
Section 3.1 describes the computer models used for the analysis and
provides a guide for the reader in following the subsequent results in
Sections 3.2 through 3.5.
3.1 SSME NOZZLES - MODEL DESCRIPTION
Four NASTRAN nozzle models were made to simulate airfoil blade segments
of the first and second stage HPFTP (Fl and F2 models) and first and second
stage HPOTP (01 and 02 models). The general approach to all four models is
the same. Figure 3.1-1 shows a typical complete nozzle casting.
The grids are defined in rectangular coordinate systems with the Z axis
radially outward and with the X axis in tne direction of gas flow. The ex-
ception is model F2 which has the Y axis in the direction of gas flow. The
displacement coordinate system is cylindrical. Figure 3.1-2 presents the
typical coordinate system arrangement. Figure 3.1-3 gives the model F2
coordinate system.
Boundary conditions applied to the modeled segments are as follows:
constraints on rigid body movement of the whole assembly are placed on the
casting support points as shown in Fig. 3.1-4. Constraints are also made on
each point of one cut surface such that it translates equally with its cor-
responding point on the opposite cut surface. This ensures that the segment
acts symmetrically with its implied adjacent segments (see Fig. 3.1-5).
The four models are primarily CIHEX1 elements with CWEDGE and CTETRA
elements as required. Grid and element ID number prefixes increase with
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Fig. 3.1-1 Typical Nozzle Casting Showing Modeled Segment
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Fig. 3.1-2 Coordinate Systems for Models Fl, 01, and 02
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Fig.' 3.'1-3 Coordinate System for Model F2
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Fig. 3.1-4 Rigid Body Support Points
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Fig. 3.1-5 Coupled Constraints Between Cut Surfaces
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increasing radius in levels as shown in Figs. 3.1-6, 3.1-8, 3.1-10, and
S.l-fL'. Plots showing elements and grids at representative levels foUow
each figure given.
After the four models were executed for normal modes, a processor was
run to generate very thin (1 x 10 in. thick) CQUAD1 elements over all
exterior CIHEX surfaces. A second processor used the generated CQUAD1 grids
of the airfoil portions of the models to interpolate thermal and pressure
data from airfoil load source models. A third processor used the interp-
olated airfoil data with shroud and hub pressure data to generate the
NASTRAN load input. Shroud and hub pressures are considered to vary
linearly along the direction of flow as shown in Figs. 3.2-14 and 3.1-15.
The CQUAD1 elements are also required for contour stress plots.
Principal stresses are plotted for each major surface and are presented in
Sections 3.2 through 3.5 in the form of surface stress contour plots.
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Fig. 3.1-6 Fl Model Element and Grid Prefixes
Fig. 3.1-6 Fl Model Element and Grid Prefixes
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1*1
Fig. 3.1-7 Fl Model Representative Airfoil Section
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Fig. 3.1-8 F2 Model Element and Grid ID Prefixes
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Fig. 3.1-9 F2 Model Representative Airfoil Section
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Fig. 3.1-10 01 Model Element and Grid Prefixes
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Fig. 3.1-11 01 Model Representative Section
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Fig. 3.1-12 02 Model Element and Grid Prefixes
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Fig. 3.1-13 02 Model Representative Section
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Fig. 3.1-14 Model Fl and F2 Shroud and Hub Pressures
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Fig. 3.1-15 Model 01 and 02 Shroud and Hub Pressures
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3.2 HPFTP FIRST STAGE NOZZLE STRESSES AT FPL AND 115% RPL
Figure 3.2-1 shows the views that are used in generating contour plots
of the nozzles. Stresses are shown in Figs. 3.2-2 through 3.2-43.
r
r
r
6
Fig. 3.2-1 Typical Model, Contour Plot Views, Looking with Flow,
Radial Upward
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Fig. 3.2-2 Model Fl, View 1, Shroud Outside
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Fig. 3.2-3 Model Fl, FPL Load, View 1, Major Principal Stress (psi)
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Fig. 3.2-6 Model Fl, 115% Load, View 1, Major Principal Stress (psi)
3.2-6
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1
2
3
4
5
6
7""
8
9
10
-1
-1
-1
-1
-9
-8
-8
-7
-6
-5
.308476F
.224679E
.140883L
.057086E
.732888E
.894919E
.056950E
.218981E
.381014E
.543046E
05
05
05
05
04
04
04
04
04
04
11
12
13
14
15
16
17
18
19
20
-4.
-3.
-2.
-1.
-5.
3.
1.
1.
2.
7C5C79L
867111c
191176E
3532C8E
1524C6E
227270E
16C695E
S96662E
836629E
04
04
04
04
03
03
04
04
04
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Fig. 3.2-9 Model Fl, View 2, Shroud Inside
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Fig. 3.2-10 Model Fl, FPL Load, View 2, Major Principal Stress (psi)
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Fig. 3.2-11 Model Fl, FPL Load, View 2, Minor Principal Stress (psi)
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Fig. 3.2-12 Model Fl, FPL Load, View 2, Maximum Principal Shear (psi)
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Fig. 3.2-13 Model Fl, 115% Load, View 2, Major Principal Stress (psi)
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Fig. 3.2-14 Model Fl, 115% Load, View 2, Minor Principal Stress (psi)
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Fig. 3.2-15 Model Fl, 115% Load, View 2, Maximum Principal Shear (psi)
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Fig. 3.2-16 Model Fl, View 3, Airfoil Suction Side
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Fig. 3.2-17 Model Fl, FPL Load, View 3, Major Principal Stress (psi)
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Fig. 3.2-18 Model Fl, FPL Load, View 3, Minor Principal Stress (psi)
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Fig. 3.2-19 Model Fl, FPL Load, View 3, Maximum Principal Shear (psi)
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Fig. 3.2-20 Model Fl, 115% Load, View 3, Major Principal Stress (psi)
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Fig. 3.2-21 Model Fl, 115% Load, View 3, Minor Principal Stress (psi)
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Fig. 3.2-22 Model Fl, 115% Load, View 3, Maximum Principal Shear (psi)
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Fig. 3.2-23 Model Fl, View 4, Airfoil Pressure Side
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Fig. 3.2-24 Model Fl, FPL Load, View 4, Major Principal Stress (psi)
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Fig. 3.2-25 Model Fl, FPL Load, View 4, Minor Principal Stress (psi)
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Fig. 3.2-26 Model Fl, FPL Load, View 4, Maximum Principal Shear (psi)
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Fig. 3.2-27 Model Fl, 115% Load, View 4, Major Principal Stress (psi)
3.2-27
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1
2
3
4
5
6
7
8
9
10
-5.397547E
-5.040860E
-4.684173E
-4.327487E
-3.970800E
-3.614113E
-3.257427E
-2.900740E
"-2.54405Tr
-2.187366L
04
04
04
04
04
04
04
04
04
04
11
12
13
14
15
16
- _
 Tr
18
19
20
-1. S 3 C 6 6 0 E
-1.473993E
-1.117306E
-7.6061S5E
-4.03S320E
-4 .724653E
3 . 0 S 4 4 G O E
6.661262E
1.022813E
1.37C4S3E
04
0>
04
03
03
02
03
03
04
04
Fig. 3.2-28 Model Fl, 115% Load, View 4, Minor Principal Stress (psi)
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Fig. 3.2-29 Model Fl, 115% Load, View 4, Maximum Principal Shear (psi)
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Fig. 3.2-30 Model Fl, View 5, Hub Outer Surface
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Fig. 3.2-31 Model Fl, FPL Load, View 5, Major Principal Stress (psi)
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Fig. 3.2-32 Model Fl, FPL Load, View 5, Minor Principal Stress (psi)
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Fig. 3.2-33 Model Fl, FPL Load, View 5, Maximum Principal Shear (psi)
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Fig. 3.2-34 Model Fl, 115% Load, View 5, Major Principal Stress (psi)
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Fig. 3.2-35 Model Fl, 115% Load, View 5, Minor Principal Stress (psi)
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Fig. 3.2-36 Model Fl, 115% Load, View 5, Maximum Principal Shear (psi)
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Fig. 3.2-37 Model Fl, View 6, Hub Inner Surface
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Fig. 3.2-38 Model Fl, FPL Load, View 6, Major Principal Stress (psi)
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Fig. 3.2-39 Model Fl, FPL Load, View 6, Minor Principal Stress (psi)
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Fig. 3.2-40 Model Fl, FPL Load, View 6, Maximum Principal Shear (psi)
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Fig. 3.2-41 Model Fl, 115% Load, View 6, Major Principal Stress (psi)
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Fig. 3.2-42 Model Fl, 115% Load, View 6, Minor Principal Stress (psi)
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Fig. 3.2-43 Model Fl, 115% Load, View 6, Maximum Principal Shear (psi)
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Fig. 3.3-1 Model F2, View 1, Shroud Outside Surface
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Fig. 3.3-2 Model F2, View 1, FPL Load, Major
Principal Stress (psi)
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Fig. 3.3-3 Model F2, View 1, FPL Load, Minor
Principal Stress (psi)
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Fig. 3.3-4 Model F2, View 1, FPL Load, Shear
Maximum Stress (psi)
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Fig. 3.3-5 Model F2, View 1, 115% Load, Major
Principal Stress (psi)
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Fig. 3.3-6 Model F2, View 1, 115% Load, Minor
Principal Stress (psi)
3.3-6
LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER
I
2
3
4
5
6
7
3
9
10
2 .330343E
6.530949E
1.2828£7E
1.912679E
2.54247QE
3.1722<2E
3.802054E
4.431846E
5.C61628E
5.6SK29E
C2
G3
C4
C4
C4
C4
C4
C4
04
C4
11
12
13
14
15
16
17
18
19
20
6.321221E
t.<;51C13E
•J .58C800E
8.21C588E
8.P4C375E
S.41C163E
l .CCS<595E
l .C72^74E
1.125<;53E
1,1SG^36E
C4
04
04
C4
C4
04
C5
C5
C 5
05
Fig. 3.3-7 Model F2, View 1, 115% Load, Maximum
Shear Stress (psi)
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Fig. 3.3-8 - Model F2, View 2, Shroud Inside Surface
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Fig. 3.3-10 Model F2, View 2, FPL Load Major
Principal Stress (psi)
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Fig. 3.3-11 Model F2, View 2, FPL Load, Shear
Maximum Stress (psi)
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Fig. 3.3-12 Model F2, View 2, 115% Load, Major Principal Stress (psi)
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Fig. 3.3-13 Model F2, View 2, 115% Load, Minor
Principal Stress (psi)
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Fig. 3.3-14 Model F2, View 2, 115% Load, Maximum
Shear Stress (psi)
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Fig. 3.3-15 Model F2, View 3, Airfoil Pressure Side
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Fig. 3.3-16 Model F2, View 3, FPL Load Major
Principal Stress (psi)
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Fig. 3.3-17 Model F2, View 3, FPL Load, Minor
Principal Stress (psi)
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Fig. 3.3-18 Model F2, View 3, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.3-19 Model F2, View 3, 115% Load, Major Principal Stress (psi)
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Fig. 3.3-20 Model F2, View 3, 115% Load, Minor Principal Stress (psi)
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3.3-21 Model F2, View 3, 115% Load, Maximum Shear Stress (psi)
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Fig. 3.3-22 Model F2, View 4, Airfoil Suction Side
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Fig. 3.3-23 Model F-2, View 4, FPL Load Major Pincipal Stress (psi)
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Fig. 3.3-24 Model F2, View 4, FPL Load, Minor Principal Stress (psi)
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Fig. 3.3-25 Model F2, View 4, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.3-26 Model F2, View 4, 115% Load, Major Principal Stress (psi)
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Fig. 3.3-27 Model F2, View 4, 115% Load, Minor Principal Stress (psi)
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Fig. 3.3-28 Model F2, View 4, 115% Load, Maximum Shear Stress (psi)
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Fig. 3.3-29 Model F2, View 5, Hub Airfoil Side
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Fig. 3.3-30 Model F2, View 5, FPL Load Major Principal Stress (psi)
3.3-30
LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1
.. 2
3
4
5
6
7
__.8_
9
10
-1.657864F 05
-1.544306F 05
-1.430743F 05
-1.317189F 05
-1.203631E 05
-1.090073E 05
765150E 04-9
-8 629569E 04
-7.493988E 04
-6.358411E 04
11
12
13
14
15
16
17
18
19
20
-5.222334E 04
-4.067257E 04
-2.951680E 04
-1.316103E 04
-6.305258E 03
. 4.550512E 03
1.590628E 04
. 2 .726205E 04
3.861782E 04
4 .997327E 04
Fig. 3.3-31 Model F2, View 5, FPL Load, Minor Principal Stress (psi)
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Fig. 3.3-32 Model F2, View 5, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.3-33 Model F2, View 5, 115% Load, Major Principal Stress (psi)
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Fig. 3.3-34 Model F2, View 5, FPL Load, Minimum Principal Stress (psi)
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Fig. 3.3-35 Model F2, View 5, 115% Load, Maximum Shear Stress (psi)
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Fig. 3.3-36 Model F2, View 6, Hub Inner
3.3-36
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1
.. 2
3
. .4
5
6
7
8 ...
9
10 .
- + .000594E
-2 .51CS93E
-1.021402E
4.681934E
1.957789E
.3.447385E
4.936980E
.6.426576E
7.916169E
9.405763E
04
04
04
03
04
04
04
04
04
04
11
12
13
14
15
16
17
18
19
20
1.
1.
1.
1.
1.
1.
1.
2.
2.
2.
OSS536E
238495E
387454E
536414E
6853 73E
834333E
983292E
132251E
231211E
430173E
05
05
05
05
05
05
05
05
05
05
Fig. 3.3-37 Model F2, View 6, FPL Load Major Principal Stress (psi)
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Fig. 3.3-38 Model F2, View 6, FPL Load, Minor Principal Stress (psi)
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Fig. 3.3-39 Model F2, View 6, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.3-40 Model F2, View 6, 115% Load, Maximum Shear Stress (psi)
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Fig. 3.3-41 Model F2, View 6, 115% Load, Minor Principal Stress (psi)
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Fig. 3.3-42 Model F2, View 1, 115% Load, Maximum Shear Stress (psi)
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3.4 HPOTP FIRST STAGE NOZZLES STRESSES AT FPL AND 115% RPL
Fig. 3.4-1 Model 01, View 1, Shroud Outside
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Fig. 3.4-2 Model 01, FPL Load, View 1, Major Principal Stress (psi)
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Fig. 3.4-3 Model 01, FPL Load, View 1, Minor Principal Stress (psi)
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Fig. 3.4-4 Model 01, FPL Load, View 1, Maximum Principal Shear (psi)
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Fig. 3.4-5 Model 01, View 1, 115% Load, Major Principal Stress (psi)
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Fig. 3.4-6 Model 01, View 1, 115% Load, Minor Principal Stress (psi)
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Fig. 3.4-7 Model 01, View 1, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.4-8 Model 01, View 2, Shroud Foil Side
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Fig. 3.4-9 Model 01, FPL Load, View 2, Major Principal Stress (psi)
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Fig. 3.4-10 Model 01, FPL Load, View 2, Minor Principal Stress (psi)
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Fig. 3.4-11 Model 01, FPL Load, View 2, Maximum Principal Shear (psi)
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Fig. 3.4-12 Model 01, View 2, 115% Load, Major Principal Stress (psi)
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Fig. 3.4-13 Model 01, View 2, 115% Load, Minor Principal Stress (psi)
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Fig. 3.4-14 Model 01, View 2, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.4-15 Model 01, View 3, Airfoil Suction Side
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Fig. 3.4-16 Model 01, FPL Load, View 3, Major Principal Stress (psi)
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Fig. 3.4-17 Model 01, FPL Load, View 3, Minor Principal Stress (psi)
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Fig. 3.4-18 Model 01, FPL Load, View 3, Maximum Principal Shear (psi)
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Fig. 3.A-19 Model 01, View 3, 115% Load, Major Principal Stress (psi)
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Fig. 3.4-20 Model 01 , View 3, 115% Load, Minor Principal Stress (psi)
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Fig. 3.4-21 Model 01, View 3, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.4-22 Model 01, View 4, Airfoil Pressure Side
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Fig. 3.4-23 Model 01, FPL Load, View 4, Major Principal Stress (psi)
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Fig. 3.4-24 Model 01, FPL Load, View 4, Minor Principal Stress (psi)
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Fig. 3.4-25 Model 01, FPL Load, View 4, Maximum Principal Shear (psi)
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Fig. 3.4-26 Model 01, View 4, 115% Lod, Major Principal Straess (psi)
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Fig. 3.4-27 Model 01, View 4, 115% Load, Minor Principal Stress (psi)
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Fig. 3.4-28 Model 01, View 4, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.4-29 Model 01, View 5, Hub Foil Side
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Fig. 3.4-30 Model 01, FPL Load, View 5, Major Principal Stress (psi)
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Fig. 3.4-31 Model 01, FPL Load, View 5, Minor Principal Stress (psi)
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Fig. 3.4-32 Model 01, FPL Load, View 5, Maximum Principal Shear (psi)
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Fig. 3.4-33 Model 01, View 5, 115% Load, Major Principal Stress (psi)
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Fig. 3.4-34 Model 01, View 5, 115% Load, Minor Principal Stress (psi)
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Fig. 3.4-35 Model 01, View 5, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.4-36 Model 01, View 6, Hub Inner
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Fig. 3.4-37 Model 01, FPL Load, View 6, Major Principal Stress (psi)
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Fig. 3.4-38 Model 01, FPL Load, View 6, Minor Principal Stress (psi)
3.4-38
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
n . n i r T . 7 7 r "7 c 7 p C
2
*
6
7
8
q
10
1
•3
C
£
7
8
1
1
.27C153E
, ^ 4 1 ^  C6 E
.612259E
-OB^Ol^E
.353766E
.895269E
. 143677E
C4
C4
C4
C4
C5
12
i i
14
1*
16
17
18
1 Q
20
1
1
1
1
1
?
2
»5 249C2E
.65K77E
.9CU27E
.HC277E
.414^31E
05
_C5-
C5
fi
C5
C5
fi
C5
Fig. 3.4-39 Model 01, FPL Load, View 6, Maximum Principal Shear (psi)
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Fig. 3.4-40 Model 01, View 6, 115% Load, Major Principal Stress (psi)
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Fig. 3.4-41 Model 01, View 6, 115% Load, Minor Principal Stress (psi)
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Fig. 3.4-42 Model 01, View 6, 115% Load, Shear Maximum Stress (psi)
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3.5 HPOTP SECOND STAGE NOZZLE STRESSES AT FPL AND 115% RPL
Fig. 3.5-1 Model 02, View 1, Shroud Outside
3.5-1
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-IH
1 -2.214f;5E C4
_£ a.i,l^ liCCE-C4.
11
? -1 .C87825E C4
4 - -r-_2- .4 4 4 S d.1 F—C 2—
1 .C3ES25E C4
13
_IA_
15
7.41<175E C4
3.4£2S50E-^4^
E 04
7
o
2.165615E 17
C4
4^£6C930£.XS—
1.167268E 05
_U2_13605E_C5
1. 379«;43E C5
_l*--*.££2aQ£_C5
1.5S2618F 05
__10 d .355£CC£ C4 2Q 1...6.S 8556E .
Fig. 3.5-2 Model 02, View 1, FPL Load, Major Principal Stress (psi)
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Fig. 3.5-3 Model 02, View 1, FPL Load, Minor Princial Stress (psi)
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Fig. 3.5-4 Model 02, View 1, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.5-5 Model 02, View 1, 115% Load, Major Principal Stress (psi)
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Fig. 3.5-6 Model 02, View 1, 115% Load, Minor Principal Stress (psi)
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3,5-7 Model 02, View 1, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.5-8 Model 02, View 2, Shroud Foil Side
3.5-8
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1 -<.3.e4615E C4
2- - 5 . 7C7G19E C4-
3
4
5
__ 6
7
8
-5.C2<5*22E C4
-3.674222E 04
-2.31SC41E C4
4 5E C.4
-C.6364S2E 03
i o -;
il
i ?
2.913422E 03
i . r Aflg'VQ c n 4
13
L-4
15
L6
17
13
1 . 7 4 6 5 3 4 E
3
19
___ 20
101725E 04
.13S321£_04
4.456<516E 04
5 -13 45L2^_.C 4
5.812108E 04
Fig. 3.5-9 Model 02, View 2, FPL Load, Major Principal Stress (psi)
3.5-9
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
I
___2-
3
5
£
7
q
C5 11 - 1 .433C87E
- °
C5
- 2 . t £ 4 6 4 7 E C5
-=--2.51C-7r2E_C5
- 2 . 3 5 6 7 5 7 E C5
---2.2Q-2BIZL.X5 —
- 2 . C 4 F 8 6 7 E C5
13 -1. 125197E C5
_14 -_9^ JU 2 5 L9-E-Q-4.
15 -8.173069E 04
17 -5 .0C4173E 04
J_3 - ^ » . S ^ 4 7 ? 7 F 04
C — C5
13 . - 1 . 5 C 7 C 2 2 E _C5
19 - 2 . C 1 5 2 8 0 E 04
__________ 20. ._-A. 75 8 84 OE .03
Fig. 3.5-10 Model 02, View 2, FPL Load, Minor Principal Stress (psi)
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Fig. 3.5-11 Model 02, View 2, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.5-12 Model 02, View 2, 115% Load, Major Principal Stress (psi)
3.5-12
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
1
2
3
~ 4
5
6
7
3.4946C1E C5
3^ -3 13 1-S-4F— CS-
3.1317C7E C5
C5
C5
05
2.7*9P13E
2. 5S7366E
2.A05919E
13 .._-
11
12
13
i_4
15
17
18
19
20 _
-1.68C132E 05
=4^ 9 &68 5 E-0 5
-1.317238E 05
-^-:i.-l 3579 1 E-05
-9.5434A4E 04
-7.728975E .04
-5.914509E 04
=.4- 1QC04ZE-04
-2.285576E 04
-4.711426E_03
Fig. 3.5-13 Model 02, View 2, 115% Load, Minor Principal Stress (psi)
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Fig. 3.5-14 Model 02, View 2, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.5-15 Model 02, View 3, Foil Suction Side
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Fig. 3.5-16 Model 02, View 3, FPL Load, Major Principal Stress (psi)
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Fig. 3.5-17 Model 02, View 3, FPL Load, Minor Principal Stress (psi)
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Fig. 3.5-18 Model 02, View 3, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.5-19 Model 02, View 3, 115% Load, Major Principal Stress (psi)
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Fig. 3.5-20 Model 02, View 3, 115% Load, Minor Principal Stress (psi)
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Fig. 3.5-21 Model 02, View 3, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.5-22 Model 02, View 4, Foil Pressure Side
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Fig. 3.5-23 Model 02, View 4, FPL Load, Major Principal Stress (psi)
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Fig. 3.5-24 Model 02, View 4, FPL Load, Minor Principal Stress (psi)
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Fig. 3.5-25 Model 02, View 4, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.5-26 Model 02, View 4, 115% Load, Major Principal Stress (psi)
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Fig. 3.5-27 Model 02, View 4, 115% Load, Minor Principal Stress (psi)
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Fig. 3.5-28 Model 02, View 4, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.5-29 Model 02, View 5, Hub Foil Side
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Fig. 3.5-30 Model 02, View 5, FPL Load, Major Principal Stress (psi)
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Fig. 3.5-31 Model 02, View 5, FPL Load, Minor Principal Stress (psi)
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Fig. 3.5-32 Model 02, View 5, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.5-33 Model 02, View 5, 115% Load, Major Principal Stress (psi)
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Fig. 3.5-34 Model 02, View 5, 115% Load, Minor Principal Stress (psi)
3.5-34
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC TR D867333-III
2. C3
-
—4-
5
-6-
7
..S.
Q
10
2.3T8651P
•a
--w <
4,
c
C4
6.739831E C4
P.91C41<5E C4
11
4-2-
13
-1-4-
1.1C8101E 05
15
-16-
17
i_a
1.325159E 05
—1*43 3689 E--05
1.542219E 05
_1*6-5C743F.-05
1.759277E 05
19 1.976336E 05
—2-0 2.CS4869E-05
Fig. 3.5-35 Model 02, View 4, 115% Load, Shear Maximum Stress (psi)
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Fig. 3.5-36 Model 02, View 6, Hub Inside
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Fig. 3..S-37 Model 02, View 6, FPL Load, Major Principal Stress (psi)
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Fig. 3.5-38 Model 02, View 6, FPL Load, Minor Principal Stress (psi)
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Fig. 3.5-39 Model 02, View 6, FPL Load, Shear Maximum Stress (psi)
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Fig. 3.5-40 Model 02, View 6, 115% Load, Major Principal Stress (psi)
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Fig. 3.5-41 Model 02, View 6, 115% Load, Minor Principal Stress (psi)
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Fig. 3.5-42 Model 02, View 6, 115% Load, Shear Maximum Stress (psi)
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